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SPECIFICATION 

1. TITLE OF THE INVENTION 

Method for Manufacturing Porous Ceramics Sintered Body 

2. WHAT IS CLAIMED IS; 

(1) A method for manufacturing a porous ceramics sintered 
body in which water, a foaming agent and a thickening agent 
are added to ceramics powder to form slurry, and after foaming 
and drying, sintering is performed. 

(2) The method for manufacturing the porous ceramics 
sintered body according to Claim 1 wherein the slurry comprises 
18 to 70% by weight of the ceramics powder. 

(3) The method for manufacturing the porous ceramics 
sintered body according to Claim 1 wherein the thickening agent 
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is a water soluble macromolecular substance. 

(4) The method for manufacturing the porous ceramics 
sintered body according to Claim 3 wherein the thickening agent 
is methylcellulose, hydroxypropylcellulose, other water- 
soluble cellulose derivative, polyvinyl alcohol, polyacrylic 
acid, polyacrylamide, polyvinyl pyrrolidone, 
polyethyleneglycol, pectin, pullulan, starch or the like. 

(5) The method for manufacturing the porous ceramics 
sintered body according to Claim 1 wherein ceramics is calcium 
phosphate type ceramics or zirconia type ceramics. 

(6) The method for manufacturing the porous ceramics 
sintered body according to Claim 1 wherein the foaming agent 
is a hydrogen peroxide solution or sodium hydrogen carbonate. 
3. DETAILED DESCRIPTION OF THE INVENTION 

[Field of the Invention] 

The present invention relates to a method for manufacturing 
a porous ceramics sintered body useful for bone fillers, 
ceramics filters, light bone materials and the like. 
[Prior Arts and Problems Thereof] 

As a method for manufacturing porous ceramics, the method 
of adding a foaming agent such as a hydrogen peroxide solution 
and egg albumin to raw material ceramics slurry to foam, drying 
and sintering has been known, but in this method, it has been 
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difficult to manufacture the porous ceramics with high porosity. 
Even when the high porosity is obtained, there has been problems 
in that pores are coarse or working is dangerous because a 
concentration of hydrogen peroxide must be increased. 

Amethod of using a fibrous or granular thermolytic substance 
as a pore forming component has been already known. In this 
method, the slurry and the thermally decomposed substance are 
kneaded, and after drying, the thermally decomposed substance 
is burned out by heating to make a porous matter. However, at 
the drying, fibers or beads used as the thermolytic substance 
do not shrink, therefore, distortion occurs and additionally 
a large amount of the fibers or beads must be used to increase 
the porosity. Thus, there has been a drawback that degreasing 
becomes difficult. 

Furthermore, as the method for manufacturing the porous 
ceramics sintered body having both continuous pores and 
independent pores, the applicant of the present invention has 
proposed the method in which thermally degradable beads are 
added to calcium phosphate type slurry, a foaming agent such 
as hydrogen peroxide solution and egg albumin is added to this 
mixed slurry, and foaming, drying and sintering are performed 
in Japanese Unexamined Patent Publication No. Sho-63-125259 . 

According to this method, the calcium phosphate sintered 
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body with high porosity is obtained, but there has been still 
room for improvement in control of pore sizes and strength. 
[Object of the Invention] 

It is an object of the present invention to provide a method 
for manufacturing a porous ceramics sintered body where a use 
amount of a foaming agent can be reduced to accomplish a high 
porosity, and which has uniform fine pores and high strength 
in a method for manufacturing a porous ceramics sintered body 
by a foaming method using the foaming agent such as a hydrogen 
peroxide solution. 
[Composition of the Invention] 

The method for manufacturing the porous ceramics sintered 
body according to the present invention is characterized in 
that water, a foaming agent and a thickening agent are added 
to ceramics powder to form slurry, and after foaming and drying, 
sintering is performed. 

In the present invention, the ceramics may be a calcium 
phosphate type, alumina type, zirconia type ceramics and the 
like. These raw material powders can be each manufactured by 
methods known in the art. The ceramics raw material powder need 
not be pure and may be those containing mixtures or impurities . 
As calcium phosphate type ceramics, there are apatites, 
tricalcium phosphate, tetracalcium phosphate and mixtures 
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thereof, and are useful for use as biomaterials because these 
have biocompatibility . 

When the method of the invention is carried out, first, water, 
the foaming agent and the thickening agent are added to the 
ceramics powder to form slurry. At that time, a combination 
rate of the ceramics raw material power suitable for the object 
of the invention cannot be completely determined because it 
varies depending on the type of ceramics and the nature of the 
powder, that is, specific surface area, specific gravity, 
particle size distribution as well as types and addition 
amounts of other additives. For example, when a concentration 
of a hydrogen peroxide solution in the slurry is 0.5% by weight 
and a concentration of an added thickening agent is 0.5% by 
weight of methylcellulose (average polymerization degree: 
4000 cps) , the combination rate of the ceramics powder capable 
of making the porous body is 18 to 45% by weight in the above 
slurry in the case of hydroxyapatite powder and is 18 to 70% 
by weight in the case of partially stabilized zirconia powder. 
When a combined amount of the ceramics powder is less than the 
above range, a set piece as casting is not made, the piece is 
broken into pieces during the drying and molding becomes 
impossible. When a larger amount than the above range is 
combined, the powder is aggregated and does not become slurry. 
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In the present invention, as the foaming agent, it is 
possible to use hydrogen peroxide, sodium hydrogen carbonate, 
and the like. When hydrogen peroxide is used alone as a pore 
forming component, in the conventional methods, typically, a 
hydrogen peroxide solution is added such that H 2 0 2 is present 
at an mount of 0.01 to 2% by weight in the slurry, but in the 
invention, it is enough to add the hydrogen peroxide solution 
such that H 2 0 2 is present at an amount of 0.01 to 0.5% by weight 
although it varies depending on the desired porosity. 

In the present invention, a thickening agent is made to exist 
together with the foaming agent as the above in the slurry of 
ceramics powder. The thickening agent includes various 
water-soluble macromolecular substances, for example, 
methylcellulose, hydroxypropylcellulose, other water-soluble 
cellulose derivative, polyvinyl alcohol, polyacrylic acid, 
polyacrylamide, polyvinyl pyrrolidone, polyethyleneglycol, 
pectin, pullulan, starch and the like, and in these, one or 
more can be used. It is preferable that these thickening agents 
are used as aqueous solutions in order to make dispersion in 
the slurry easy. 

An addition amount of the thickening agent varies depending 
on a type of the thickening agent. When it is excessively small, 
the porosity is not increased whereas when the amount is 
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excessively large, inconveniences occur such as excessively 
increased viscosity resulting in difficult kneading, uneven 
pore forms and conversely reduced porosity. Therefore, it is 
necessary to appropriately determine the addition amount 
depending on the type of thickening agent used, and for example, 
0.001 to 1.5% by weight of methylcellulose, 0.5 to 1.5% by 
weight of polyethyleneglycol (molecular weight : 2000), 0.0001 
to 1 . 0% by weight of hydroxyethylcellulose with a substitution 
degree of one or more, 0.0001 to 0.3% by weight of polyvinyl 
alcohol (molecular weight: 2000), 0.0001 to 0.001% by weight 
of polyacrylic acid, 0.005 to 0.1% by weight of pectin, and 
0.005 to 5.0% by weight of starch are preferable. 

In this way, when the. slurry thickened by adding the 
thickening agent is foamed, intact bubbles are held in the 
slurry, multiple bubbles are not combined or escaped, and thus 
viscous slurry which contains uniformly dispersed fine bubbles 
is obtained. This viscous slurry is dried by a standard method. 
It is not necessary to perform the foaming and the drying in 
separate steps, and it is possible to dry simultaneously with 
or following the foaming. 

This foaming/drying temperature varies depending on types 
of the foaming agent and the thickening agent used, and may 
be generally an arbitrary temperature between room temperature 
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and a temperature lower than a kick-off temperature of the 
thickening agent. When the drying temperature is excessively 
low, a long period of time is required for drying and it is 
not economical. When it is higher than the kick-off temperature 
of the thickening agent, no addition effect of the thickening 
agent is obtained and high porosity and fine pores cannot be 
accomplished. For example, when using methylcellulose as the 
thickening agent, it is preferable to dry at 50 to 150°C. When 
using polyvinyl alcohol, since the kick-off temperature is 
180°C, it is preferable to dry at the temperature lower than 
this . 

A dried body obtained in this way is calcined if necessary, 
and then baked. A baking temperature could be appropriately 
selected depending on the type of ceramics used. Since the pore 
size and the porosity is affected by the baking temperature, 
it can be appropriately selected in consideration of the 
desired pore size and porosity. For example, in the case of 
calcium phosphate type ceramics, the baking temperature can 
be selected in the range of 900 to 1400°C. 

When processing is performed, it is performed after 
calcining or baking. 
[Preferred Embodiments] 

Next, the present invention is described in detail based 
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on Examples, but the invention is not limited thereto. 
Example 1 

Slurry in which a concentration of hydroxyapatite was 40% 
by weight and concentrations of hydrogen peroxide and a 
thickening agent were as shown in Table 1 was made and 
thoroughly kneaded. This kneaded one was placed in a glass 
beaker by 50g and dried at 90°C. The thus obtained molded body 
was calcined at 700°C for 4 hours and further baked at 1200°C. 

An average porosity of the obtained sintered bodies was 
measured and the results are shown in Table 1. In Table 1, a 
mean value of the results obtained by measuring 3 samples in 
each Example is shown. 

In Table 1, MC, PEG, HEC, PVA and PA mean methylcellulose, 
polyethyleneglycol (molecular weight : 2000), 

hydroxyethylcellulose, polyvinyl alcohol and polyacrylic acid, 
respectively. 
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Table 1 



Sample 


Thickening agent 


Hydrogen 
peroxide 
(% by weight) 


Average 
porosity 
(%) 


Type 


Auaicion aitiouriL 
(% by weight) 


1 


None 
(control) 


0 


0.0 


25.1 


2 


None 
(control) 


0 


0.5 


49.5 


3 


None 
(control) 


0 


1 . 0 


58 .2 


4 


MC 


0.05 


0.5 


53.8 


5 


MC 


0.50 


0.5 


58.3 


6 


PEG 


0.5 


0.5 


54 .1 


7 


PEG 


1.0 


0.5 


67.7 


8 


HEC 


0.00064 


0.5 


59.0 


9 


HEC 


0.05 


0.5 


63.8 


10 


PVA 


0 . 001 


0.5 


57.7 


1 1 


PVA 


0.1 


0 . 5 


65. 4 


12 


PA 


0.01 


0.5 


54.1 


13 


Pectin 


0.01 


0.5 


53.4 


14 


Pectin 


0.1 


0.5 


58.8 


15 


Starch 


0.01 


0.5 


53.7 


16 


Starch 


0.1 


0.5 


55.2 


17 


Starch 


1.0 


0.5 


57.3 




As is evident from the results shown in the above Table, 
according to the present invention, even when the addition 
amount of hydrogen peroxide is 0.5% by weight, it is possible 
to accomplish the porosity equivalent to or more than that when 
hydrogen peroxide is added at 1% by weight or more with no 
thickening agent. Also, when compared with the case where 
hydrogen peroxide is added at 0.5% by weight with no thickening 
agent, according to the invention, it is possible to increase 
the porosity by 5 to 40%. When a broken sample was observed 
by an electron microscope, transgranular fracture was 
frequently observed and intergranular fracture was not 
observed. Therefore, the porous apatite sintered body obtained 
in the Example of the invention has significantly practicable 
strength. 

Some of the samples made in the above Example were 
photographed. Samples No. 4, No. 6, No. 8, No. 10, No. 12, No. 
13 and No. 15 are shown in Figs. 1, 2, 3, 4, 5, 6, and 7, 
respectively in contradistinction to sample No. 2 (H 2 0 2 0.5%) . 
Example 2 

An aqueous solution of water and 2% methylcellulose (average 
polymerization degree: 4000 cps) and a hydrogen peroxide 
solution were added such that a combined rate of ceramics raw 
material powder in slurry is a rate shown in the following Table 
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2. The slurry is made to be totally lOOg. The concentration 
of methylcellulose in the slurry was 0.5% by weight and the 
concentration of hydrogen peroxide in the slurry was 0.5% by 
weight. As the ceramics raw material powder, hydroxyapatite 
supplied from Asahi Optical Co., Ltd. (abbreviated as HAp in 
Table) and partially stabilized zirconia supplied from Daiichi 
Kigenso Kagaku Kogyo Co., Ltd. (abbreviated as PSZ in Table ) 
were used. The slurry obtained by adding and kneading each 
ceramics raw material powder was transferred to a 200 ml beaker 
made of TPX, this was placed in a dryer at 80°C for over 24 
hours to foam and simultaneously dry, and each moldability was 
observed. 

After the completion of drying, calcining was performed and 
then processing was performed by a handsaw to observe 
workability. Ablock obtained by processing was baked, and each 
porosity was obtained. Baking was performed at 1200°C for 4 
hours for HAp and at 1450°C for 2 hours for PSZ. 

The results of measuring the moldability of slurry, the 
workability of calcined body and the porosity of the baked block 
are shown in the following Table 2. 

The evaluation of moldability was performed by the following 
criteria. 

o: A piece was dried in the shape as poured in the beaker. 
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*: A piece was broken in the process. 

The evaluation of workability was performed by the following 
criteria . 

o: A calcined body was able to be processed into a desired 
shape by a handsaw. 

x: A piece lost in shape at calcining or processing. 
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Table 2 



Sample 
No. 


Ceramics 


Moldability 


Workability of 
calcined body 


Porosity 
(%) 


Type 

J It 


Amount (% 
by weight) 


A-H-80 


HAp 


10 


X 






A-P-80 


PSZ 


10 


X 






B-H-80 


HAp 


18 


0 


o 


74.0 


B-P-80 


PSZ 


18 


0 


* (Easily loses shape) 


- 


C-H-80 


HAp 


20 


0 


o 


71.0 


C-P-80 


PSZ 


20 


0 


* (Easily loses shape) 


- 


D-H-80 


HAp 


40 


o 


0 


58.0 


D-P-80 


PSZ 


40 


0 


* (Easily loses shape) 


- 


E-H-80 


HAp 


60 


X 

(Crumbled) 


- 


- 


E-P-80 


PSZ 


60 


0 


o 


78.2 


F-P-80 


PSZ 


65 


o 


o 


77.2 


G-P-80 


PSZ 


70 


0 


o 


64.5 


H-H-80 


HAp 


45 


o 


o 


82.6 


H-P-80 


PSZ 


45 


0 


o 


76.5 


I-H-80 


HAp 


50 


o 


x (Lost shape during 
calcination) 




I-P-80 


PSZ 


50 


0 


o 


81.4 


J-P-80 


PSZ 


55 


o 


o 


80.4 



As is shown in Table 2, in the case of hydroxyapatite, at 
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18 to 45% by weight, it was possible to make the porous body. 
When the amount is larger than this, the body crumbles, or the 
powder and the solution cannot be kneaded. At 50%, the porosity 
is excessively increased and the porous body falls into pieces 
after the calcination. At a small amount such as 10%, the body 
falls into pieces during the drying. In the case of zirconia, 
at 18 to 70% by weight, it was possible to mold, but at 18 to 
40% by weight, it was difficult to process the calcined body 
because it was fragile due to high porosity. In this case, if 
the processing is performed after baking, it is possible to 
obtain the porous body with a desired shape. 
Example 3 

An aqueous solution of 2% methylcellulose, a hydrogen 
peroxide solution and ceramics raw material powder were added 
into water to make a total amount of lOOg, and these were kneaded 
to make slurry in which the concentration of methylcellulose 
was 0.5% by weight, the concentration of hydrogen peroxide was 
0.5% by weight and the concentration of ceramics raw material 
powder was 40% by weight . Hydroxyapatite and zirconia were used 
for the ceramics raw material powder. 

Each slurry was placed into a beaker, and for hydroxyapatite, 
the drying was performed at temperatures of 50°C, 60°C, 80°C, 
180°C, 200°C, 220°C and 240°C to obtain a suitable range of the 
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drying temperature. 

For zirconia, the drying was performed at temperatures of 
80°C and 200°C to study whether the range of the suitable drying 
temperature was different or not depending on types of 
ceramics . 

As a result of experiments, at the drying temperature of 
50°C and 60°C performed for hydroxyapatite, the porous body with 
fine pores was obtained, but it took a long time to dry. Ones 
dried at 180°C or above easily deformed and lost shape in both 
cases of hydroxyapatite and zirconia. Methylcellulose is 
thermally decomposed at a temperature of 160°C or above. Thus, 
it is believed that in ones dried at 180°C, thermal 
decomposition also progressed in the foaming process and thus 
effects of fine pores and high porosity were not exerted. 

For the baking of the dry molded body, in the case of apatite, 
calcination was performed at 700°C and then baking was 
performed at 1200°C. In the case of zirconia, calcination was 
performed at 700°C and then baking was performed at 1450°C. 

In the method of the invention, it is evident that excellent 
results as with the above are obtained even when using ceramics 
powder and the thickening agent other than those used in the 
above Examples. 
[Effects of the Invention] 



-16- 



• * 



According to the method of the present invention, the porous 
ceramics sintered body with high porosity and high strength 
body is obtained where pore shapes are made finer and more pores 
are uniformly dispersed compared to the case in which hydrogen 
peroxide is used alone. Also, according to the method of the 
present invention, since hydrogen peroxide can be reduced, 
safety in working is enhanced. 

The porous ceramics sintered body obtained by the method 
of the invention is one with high quality containing uniformly 
dispersed fine pores, and can be utilized for various uses such 
as bone fillers, ceramics filters, light bone materials and 
the like. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a photograph showing granular structures of samples 
No. 2 and No. 4. Fig. 2 is a photograph showing granular 
structures of samples No. 2 and No. 6. Fig. 3 is a photograph 
showing granular structures of samples No. 2 and No. 8. Fig. 
4 is a photograph showing granular structures of samples No. 
2 and No. 10. Fig. 5 is a photograph showing granular structures 
of samples No. 2 and No. 12. Fig. 6 is a photograph showing 
granular structures of samples No. 2 and No. 13. Fig. 7 is a 
photograph showing granular structures of samples No. 2 and 
No. 15. 
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